ABSTRACT When species originate through hybridization, the genomes of the ancestral species are blended together. Over time genomic blocks that originate from either one of the ancestral species accumulate in the hybrid genome through genetic recombination. Modeling the accumulation of ancestry blocks can elucidate processes and patterns of genomic admixture. However, previous models have ignored ancestry block dynamics for chromosomes that consist of a discrete, finite number of chromosomal elements. Here we present an analytical treatment of the dynamics of the mean number of blocks over time, for continuous and discrete chromosomes, in finite and infinite populations. We describe the mean number of haplotype blocks as a universal function dependent on population size, the number of genomic elements per chromosome, the number of recombination events, and the initial relative frequency of the ancestral species. 
too coarse to be applied to cases of rapid speciation, but lineages 23 of hybrid origin hold the potential to estimate rather short time- generations passed since the onset of hybridization (Fisher 1949, 37 1954). Fisher developed the theory of junctions for full sibmating, 38 and the theory of junctions was quickly extended towards self-39 fertilization (Bennett 1953) , alternate parent-offspring mating 40 (Fisher 1959; Gale 1964) , random mating (Stam 1980 ) and recom- increase in number of blocks is observed. We obtain 145n t+1 =n t + 2pq.
(1)
Heren t is the average number of blocks at time t. The solution
146
of Equation (1) is given by
The number of blocks increases linear in time. The probability of 148 having a different type of genomic material, 2pq, is the heterozy-
149
gosity H, and we can write Equation (2) in terms of heterozy-150 gosity,n t = n 0 + Ht. Taking into account that the number of 151 junctions J at time t is J t = n t − 1 and assuming a non-constant 
where J t is the number of junctions J at time t. Because the 156 population size is infinite, in our case the average heterozygosity 157 does not change from H 0 , and J t = H 0 t.
158
If the population size is not infinite, but finite with size N j 159 at time j, and we allow for selfing, the average heterozygosity 
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pected number of junctions is given by
The expected number of blocks, given an initial proportion p of 164 species 1 is given by:
In the limit of N → ∞ we recover Equation (2). For t → ∞, we
Thus, for finite N, the number of blocks converges to a finite Figure 1 Change in number of haplotype blocks depending on the genomic match between blocks. Top row depicts the two parental chromosomes, bottom row depicts the two chromosomes produced after recombination has taken place at the grey dotted line during meiosis. Genome types are indicated using either black color (type P), or white color (type Q).With probability p 2 + q 2 no change in the number of blocks is observed. With probability 2pq we observe an increase in the number of blocks, where p = 1 − q is the fraction of genomic material of type 1. place at exactly such a point, given that there are n t blocks at 189 time t is:
Conditioning on the type of the first chromosome, and only 
Figure 2 Change in number of haplotype blocks depending on the genomic match between blocks. Full chromosomes are shown here, but the same rationale applies to subsets of a chromosome. Top rows within each panel indicate the two parental chromosomes, bottom row indicates one of two possible resulting chromosomes after meiosis, where recombination takes place at the dotted grey line. Genomic material of type 1 is indicated in black, genomic material of type 2 is indicated in white. With probability α 2 recombination takes place on an existing junction on both chromosomes A, with probability α(1 − α) recombination takes place on an existing junction on one chromosome, and within a block on the other chromosome B, with probability (1 − α)α recombination takes place on within a block on one chromosome, and on an existing junction on the other chromosome C, with probability (1 − α) 2 recombination takes place within a block on both chromosomes D.
A) When a crossover event takes place on an existing junction 235 D) When recombination takes place within a block on both chromosomes, matters proceed as described for the continuous chromosome: with probability p 2 + q 2 we observe no change in the number of blocks, and with probability 2pq we observe an increase. But, since we are dealing with a finite number of junction positions along the chromosome, the frequency of junction spots of a genomic type is no longer directly related to p. If there would be no blocks, i.e. if the genomic material would be distributed in an uncorrelated way, we know that p(L − 1) junction spots are of type P, that is, they are within a block of type P. Similarly, q(L − 1) junction spots are within a block of type Q. As new blocks are formed, the number of junction spots that are still within a block decreases. With the formation of a new block, on average both a junction within a block of type P and a junction within a block of type Q are lost, such that on average, after the formation of a new junction, the number of junctions of type P decreases by 1 2 (n − 1). Thus the number of junctions within a block of type P is p(L − 1) − 1 2 (n − 1). Similarly, the number of junctions within a block of type Q is q(L − 1) − 1 2 (n − 1). The probability then of selecting an internal junction of type P is the number of internal junctions of type P divided by the total number of junctions. Let us denote the probability of selecting an internal junction of type P by p * , which is then given by
And the probability q * t is
With probability 2p 
In terms of p, q, and L, Equation (11) can be written as
The solution of the recursion Equation (12) is given bȳ
The exponential decay terms ensures that we have convergence
241
at t → ∞, where we obtain
A Taylor expansion at t = 0 shows that initially, the number of 243 blocks increases linearly follows.
253
For an infinite population, with a discrete chromosome, the 254 first position is still chosen as in Equation (11). To obtain the 255 probability for the second position of selecting a junction that 256 lies within two dissimilar blocks, we have to correct p * t and q * t
257
(whereas previously there were L − 1 spots, there are now L − 2),
258
and we obtain
Where:
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Equation (16) has the solution:
Again we have convergence at t → ∞, where we obtain:
where the approximation holds for large L. The difference in the maximum number of blocks between one and two recombination events is
where the approximation again holds for large L. An increase 261 in the number of recombination events thus decreases the maxi-262 mum number of blocks.
263
Extending Equation (16) towards M recombination events is 264 similar,
For not too small L, and not too large M, taking into account Equation (25), we can approximaten ∞ by:
Using numerical iteration of Equation (26) 
Universal haplotype dynamics

271
The general pattern of the accumulation of blocks over time is existing blocks. As such we make the ansatz:
where γ is the maximum growth rate and λ encompasses all 
The solution of Equation (34) is of the form:
Given that at τ = 0, a chromosome, by definition, consists of 292 one block, the number of blocks at τ = 0 has to be equal to 1/K:
Thus, in order to accurately describe haplotype 294 block dynamics, we expect the dynamics to be of the form
We can find the scalaing of time by solving
By definitionñ(0) is always 1 K , which leads tõ
This allows us to calculate β from K andñ(1),
Returning to our original notation, the haplotype block dynam-297 ics is geven by:
For t → ∞, this converges to K, and for t = 0 is equal to 1.
313
For an infinite population with a discrete chromosome, we have shown that K = 2pq(L − 1) + 1 and that the number of blocks at time t is given byn t =n 0
(Equation (13)), and hence:
We find that regardless whether the chromosome is continuous two parents of type Q (with probability (1 − p) 2 ) or one parent 347 of type P and one parent of type Q (with probability 2p(1 − p)).
348
In every consecutive time step, N new individuals are pro- The maximum number of blocks is reached in roughly 10L gen-384 erations. Again we observe that for strongly skewed ancestral 385 proportions (p = 0.9), the maximum number of blocks is lower,
386
and the maximum is reached within a shorter timeframe.
387
C. Discrete Chromosome in a Finite Population
388
We have shown in section 2 that we can describe haplotype it makes more sense to find our approximation in the form: 
We recover both limits of K for N → ∞ and L → ∞, and formu-428 late our general approximation as:
Comparing values of K expected following Equation (43) these expressions for K into Equation (43) we obtain
We simulate values of K for combinations of N and L in [50, 
453
As a further test of the accuracy of Equation (44), we repeat likely towards the peripheral ends, the probability of a crossover 804 event taking place at a site that has experienced crossover be- . The population size N is 100,000 individuals and the number of chromosome elements L is 50. The solid line shows the mean number of blocks assuming a uniform recombination rate and infinite population size. Error bars show the standard error of the mean across 100 replicates. The inset graph shows the recombination rate across the chromosome relative to the recombination rate at the centromere, with the dotted line indicating the position of the centromere (at L/2).
Discussion
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Figure 8 Individual based simulation results for the mean number of blocks over time, assuming 100 randomly placed recombination hotspots on a chromosome consisting of 1000 genomic elements (L = 1000), the population size is 100,000. The recombination rate in a hotspot is 9 times the recombination rate outside the hotspots, as a result of which, 50% of all recombination events take place in the recombination hotspots. The dotted line shows the mean number of blocks assuming a uniform recombination rate and infinite population size without hotspots. Error bars show the standard error of the mean across 100 replicates. The inset graph shows the locations of the hotspots across the simulated chromosome.
